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57 ABSTRACT 
An infusible organic silazane polymer is prepared by 
melting, shaping, and infusibilizing an organic silazane 
polymer. The infusibilizing step includes two steps of 
treating the shaped polymer with a gas containing the 
vapor of an infusibilizing silicon, boron, phosphorus or 
metal compound and further treating with a water va 
por-containing gas or ammonia gas. The infusible poly 
mer is efficiently sintered into ceramic fibers without 
fusion bond. 

20 Claims, No Drawings 
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1. 

INFUSIBILIZATION OF ORGANIC SILAZANE 
POLYMERS 

This invention generally relates to the preparation of 5 
ceramics by a precursor method. More particularly, it 
relates to a method for infusibilizing an organic silazane 
polymer as a ceramic precursor in order that it can be 
pyrolyzed while maintaining the desired shape. 

BACKGROUND OF THE INVENTION 

Ceramics materials are now of great interest because 
of heat resistance, abrasion resistance, high-temperature 
strength and other useful properties. However, it is very 
difficult to machine ceramics because they are hard and 
brittle. For this reason, ceramic articles are generally 
prepared by a powder sintering method comprising 
molding powder ceramic material into a desired shape 
as by compaction and sintering the molded material. 
Also useful is a precursor method comprising melting 
an organic polymer as a ceramic precursor or dissolving 
the polymer in a solvent and shaping the melt or solu 
tion into a desired shape. The shaped polymer is then 
sintered to convert the material into inorganic. The 
precursor method has the advantage that there can be 
prepared ceramic articles of complex shapes which 
would otherwise be almost impossible to form by the 
powder sintering method. Articles of special shape such 
as fibers and sheets can be prepared by the precursor 
method. 
Among materials generally known as ceramics, SiC 

and Si3N4 are particularly of great importance because 
of their high-temperature properties. More particularly, 
SiC has good heat resistance and high-temperature 
strength and Si3N4 is excellent in thernal shock resis 
tance and fracture toughness. The inventors proposed a 
process for manufacturing organic silazane polymers 
for use in the manufacture of SiC-Si3N4 ceramic materi 
als by the precursor method and a process for manufac 
turing ceramics from the polymers as disclosed in 
Takamizawa et al., U.S. Pat. No. 4,771,118, U.S. Serial 
No. 114,111, filed Oct. 27, 1987, now U.S. Pat. No. 
4,869,854 or West German Offenlegungsschrift DE 
3736914 A1, and Japanese Patent Application No. 
313264/1987. 

In general, ceramic materials are prepared from ce 
ramic precursors by melting, molding, and then in 
fusibilizing the ceramic precursors. The infusibilized 
precursors are then pyrolyzed into ceramic materials. 
The infusibilizing step involved in this procedure is 
usually carried out by several well-known methods. 
There were proposed various methods including (1) air 
oxidation, (2) exposure to steam or steam and oxygen, 
(3) ultraviolet exposure, (4) electron beam exposure, 
and (5) use of various organic silicon compounds. 
These methods have the following problems. Meth 

ods (1) and (2) which require only heating in air are 
widely used because of ease of treatment. However, 
these methods not only need a great amount of thermal 
energy, but also yield ceramic materials having a high 
content of oxygen at the sacrifice of high strength, high 
modulus, and other characteristics inherent to ceramics. 

Unlike methods (1) and (2), methods (3) and (4) have 
advantages that the energy cost is reduced and they 
avoid contamination with oxygen. However, these 
methods require an increased dose of ultraviolet or 
electron radiation for practically sufficient infusibiliza 
tion, and equipment for such exposure is very expen 
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2 
sive. These methods are commercially unacceptable in 
these respects. 
Method (5) is typically by infusibilizing polymers 

having an R3SiNH- radical with various organic silicon 
compounds such as silicon tetrachloride and trichloro 
silane or metal chlorides such as BCl3 and SnCl4 as 
disclosed in U.S. Pat. No. 4,535,007. The inventors have 
found that this method is not effective at all t organic 
silazane polymers free of an R3SiNH- radical. When 
processed by this method, fibers of organic silazane 
polymers free of an R3SiNH- radical are fusion bonded 
together, losing their own shape as will be demon 
strated later in Comparative Example. Since this U.S. 
Patent refers nowhere to the strength of ceramic fibers 
after pyrolysis which is the most important factor in the 
ceramic precursor method, it is unknown how the 
method is effective in infusibilizing. 

Therefore, there is a need for eliminating the above 
mentioned drawbacks of the prior art ceramic precursor 
infusibilizing methods. 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide an 

economical method for infusibilizing an organic sila 
Zane polymer as a ceramic precursor in a simple and 
convenient manner, ensuring preparation of ceramic 
fibers of quality. 
According to the present invention, there is provided 

a method for infusibilizing an organic silazane polymer, 
comprising the steps of melting, shaping, and then in 
fusibilizing the organic silazane polymer, wherein the 
shaped polymer is treated with a gas containing the 
vapor of at least one compound selected from the group 
consisting of compounds of formulae (1) through (4) 
defined below, and then with a water vapor-containing 
gas or ammonia-containing gas for infusibilizing. 
The infusibilizing compounds of formulae (1) through 

(4) are: 
silicon compounds of formula (1): 

RgSiX4-a (1) 

wherein R is a radical selected from the group consist 
ing of hydrogen, lower alkyl, alkenyl, and aryl radicals, 
X is a chlorine, bromine or iodine atom, and letter a has 
a value of from 0 to 2 (both inclusive), when a is equal 
to 2, R radicals may be the same or different; 
boron compounds of formula (2): 

BX3 (2) 

wherein X is as defined above; 
phosphorus compounds of formula (3): 

PX (3) 

wherein X is as defined above, and letter b is equal to 3 
or 5; and 

metal compounds of formula (4): 
MX (4) 

wherein M is a metal selected from the group consisting 
of Al, Ti, V, Fe, Ga, Ge, Zr, Nb, Sn, Sb, Te, Ta, W, and 
Bi, letter c is a number equal to the valence of the metal, 
and X is as defined above. 
The method for infusibilizing an organic silazane 

polymer according to the present invention has over 
come the aforementioned problems of the prior art 
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methods by melting and shaping an organic silazane 
polymer, and treating the shaped polymer with a gas 
containing at least one infusibilizing agent of formulae 
(1) through (4) in vapor form and then with a water 
vapor-containing gas or ammonia-containing gas for 
infusibilizing. The polymers can be efficiently infusibil 
ized in a commercially advantageous manner to ensure 
that ceramic fibers and sheets are eventually conve 
niently produced. Ceramic materials predominantly 
comprising SiC and Si3N4 characterized by high 
strength and high modulus are obtained when organic 
silazane polymers as will be defined later are used. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The organic silazane polymer which is the starting 
material of the present method may be any desired one 
selected from conventional well-known organic sila 
Zane polymers, preferably the organic silazane poly 
mers which are disclosed by the present inventors in the 
aforementioned U.S. Pat. No. 4,771,118, U.S.S.N. 
114,111 filed Oct. 27, 1987, now Pat. No. 4,869,854, and 
Japanese Patent Application No. 313264/1987. 
According to the process of U.S. Pat. No. 4,771,118, 

an organic silazane polymer is prepared by reacting 
ammonia with a mixture of methyldichlorosilane, me 
thyltrichlorosilane and dimethyldichlorosilane to obtain 
an ammonolysis product, and condensing the ammonol 
ysis product in the presence of a basic catalyst capable 
of deprotonation. The mixture of methyldichlorosilane, 
methyltrichlorosilane and dimethyldichlorosilane is 
preferably composed of from 55 to 80 mol% of methyl 
dichlorosilane, from 10 to 30 mol% of methyltri 
chlorosilane, and from 5 to 25 mol% of dimethyldichlo 
rosilane. 
According to the process of U.S.S.N. 114,111, filed 

Oct. 27, 1987, now U.S. Pat. No. 4,869,854, an organic 
silazane polymer is prepared from a mixture of (i) at 
least one compound selected from the group consisting 
of organic silicon compounds of general formulae (I) 
and (II): 

R R. R. R. (I) 

x-i-ch-ch-i-x 

(II) 

and (ii) an organic silicon compound of general formula 

(III) 

In formulae (I), (II), and (III), R is a radical selected 
from the group consisting of hydrogen, chlorine, bro 
mine, methyl, ethyl, phenyl, and vinyl radicals, R is 
hydrogen or a methyl radical, R2 is a radical selected 
from the group consisting of hydrogen, methyl, ethyl, 
phenyl, and vinyl radicals, and X is chlorine or bromine. 
Like the process of U.S. Pat. No. 4,771,118, the organic 
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4. 
silicon compound mixture is reacted with ammonia, and 
the resulting ammonolysis product is deprotonation 
condensed to form an organic silazane polymer. 
The mixture is preferably composed of 0 to 30 mol% 

of compound (I), 0 to 30 mol% of compound (II), and 
40 to 85 mol% of compound (III). More preferably, the 
mixture is composed of 1 to 25 mol% of compound (I), 
1 to 25 mol% of compound (II), and 50 to 80 mol% of 
compound (III). When a mixture containing com 
pounds (I), (II), and (III) in such a proportion is pre 
pared, compounds (II) and (III) are preferably selected 
such that R2 in organic silicon compounds (II) and (III) 
is comprised of 55 to 90 mol% of hydrogen, 0 to 30 
mol% of vinyl radical, and 0 to 30 mol% of alkyl or 
phenyl radical, more preferably 55 to 80 mol% of hy 
drogen, 0 to 25 mol% of vinyl radical and 0 to 25 mol% 
of alkyl or phenyl radical. 

Examples of compound (I) include 1,2-bis(- 
chlorodimethylsilyl)ethane, 1,2-bis(dichloromethyl 
silyl)ethane, and 1,2bis(trichlorosilyl)ethane. Examples 
of compound (II) include methyltrichlorosilane, tri 
chlorosilane, and vinyltrichlorosilane. Examples of 
compound (III) include methyldichlorosilane, dimeth 
yldichlorosilane, methylvinyldichlorosilane, and vinyl 
dichlorosilane. 

Preferably, a mixture of methyldichlorosilane, me 
thyltrichlorosilane, and an organic silicon compound of 
formula (I) is used. More preferred is a mixture of 55 to 
90 mol% of methyldichlorosilane, 5 to 30 mol% of 
methyltrichlorosilane, and 2 to 30 mol% of an organic 
silicon compound of formula (I). 

In the above-mentioned processes, it is not critical 
how to prepare an ammonolysis product from a mixture 
of methylclorosilanes. One exemplary convenient pro 
cedure is by reacting the mixture with gaseous NH3 in 
organic solvent, removing the ammonium chloride by 
product, and stripping the reactin mixture of the or 
ganic solvent. Other procedures will occur to those 
skilled in the art. 

Thereafter, the ammonolysis product is polymerized 
in the presence of a basic catalyst capable of deprotona 
tion. Preferably, the ammonolysis product is subjected 
to deprotonation condensation with the catalyst in sol 
vent to complete the reaction. The basic deprotonation 
catalyst includes alkali and alkaline earth metal hydrides 
and amides such as KH, NaH, NaNH2, and KNH2. The 
solvent used may be ethers such as THF and dialkyl 
ethers, aliphatic hydrocarbons such as pentane and hex 
ane, and aromatic hydrocarbons such as benzene, tolu 
ene, and xylene. Although polymerization generally 
takes place at room temperature, an appropriate poly 
merization temperature may be selected in the range of 
0 to 200° C. depending on the type of solvent. 

After the completion of deprotonation condensation, 
the remaining basic catalyst is preferably decomposed 
with an electrophilic compound such as methyl iodide. 
The resulting insoluble matter is removed by filtration 
and the solvent is distilled off in vacuum. 
According to the process of Japanese Patent Applica 

tion No. 313264/1987, an organic silazane polymer is 
prepared by reacting a mixture of (i) at least one organic 
silicon compound of general formula (IV): 
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(IV) 

and (ii) at least one organic silicon compound of general 
formula (V): 

(V) 

with ammonia to form a silazane compound, and poly 
merizing the silazane compound in the presence of an 
alkali catalyst such as KOH and NaOH. In formulae 
(IV) and (V), R3 is a methyl, ethyl, or phenyl radical, 
R is hydrogen or a vinyl radical, and X is chlorine or 
bromine. 
Any desired compounds of formula (IV) may be used 

as long as they fall within the above definition, with 
dimethyldichlorosilane being most preferred. 
Among compounds of formula (V), preferred are 

those wherein R is a vinyl radical, that is, vinyl-con 
taining organic silicon compounds of the formula: 

R3 (Va) 

x-i-x 
CH=CH2. 

Most preferred is methylvinyldichlorosilane. 
It is also preferred to use as the compound of formula 

(V) a mixture of a compound of formula (Va) defined 
above and a compound wherein R is hydrogen, that is, 
an organic silicon compound of the formula: 

R3 (Vb) 

such as methyldichlorosilane. 
For the mixture used herein, a compound of formula 

(IV) and a compound of formula (V) are preferably 
mixed in a proportion of from 20/80 to 90/10 in mol%, 
more preferably from 30/70 to 80/20 in mol%. When 
the compound of formula (V) is a vinyl-containing or 
ganic silicon compound of formula (Va) and a hydro 
gen-containing organic silicon compound of formula 
(Vb) as defined above, they may preferably be mixed in 
a proportion of from 5/95 to 95/5 in mol%, more pref 
erably from 20/80 to 80/20 in mol%. 

In forming a silazane compound by reacting a mix 
ture of organic silicon compounds as defined above 
with annonia, the manner of ammonia reaction is not 
particularly limited. One exemplary convenient proce 
dure is by reacting the mixture with gaseous NH3 in 
organic solvent, removing the ammonium chloride by 
product, and stripping the reactin mixture of the or 
ganic solvent. Other procedures will occur to those 
skilled in the art. The organic solvent used herein may 
be pentane, hexane, benzene, toluene, xylene, and di 
ethyl ether, for example. The amount of ammonia used 
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6 
should be at least equal to, preferably about 1.2 to 1.5 
times the moles of chlorine in the chlorosilanes used. 

Thereafter, the resulting silazane compound is poly 
merized in the presence of an alkali catalyst. The pre 
ferred alkali catalysts used herein are KOH and NaOH. 
The amount of the catalyst added generally ranges from 
0.1 to 5% by weight, preferably 0.1 to 2% by weight 
based on the silazane compound. Polymerization gener 
ally takes place without solvent, but may be carried out 
in solvent. Any desired one of commonly used organic 
solvents may be employed insofar as it has an appropri 
ate boiling point compared to the polymerization tem 
perature. The polymerization temperature varies with a 
particular silazane compound, but may be selected in 
the range between 0° C. and 350° C., preferably be 
tween 20° C. and 300° C. depending on the degree of 
polymerization desired for the resulting polymer. The 
post treatment is not particularly limited. One recom 
mendable post treatment involves dissolving the poly 
mer in an organic solvent, removing the insoluble by 
filtration, and stripping the solution of the solvent under 
atmospheric pressure or vacuum. 

Also useful is the organic silazane polymer which is 
prepared by heat polymerizing hexamethylcyclotrisila 
Zane having the unit: 

CH3 

CH3 

in the presence of KOH according to the teaching of 
Andrianov, S., Vysokomol. Soyed, 4, NOT, 1060-1063 
(1962). 
These organic silazane polymers are useful ceramic 

precursors in that they can be pyrolyzed in an inert gas 
containing nitrogen into ceramic materials composed of 
SiCSi3N4. For example, ceramic fibers may be pro 
duced by shaping the organic silazane polymer into 
filaments by melt spinning and subjecting the polymer 
filaments to pyrolysis. 

This ceramic material forming process is unsuccessful 
unless shaped polymers are infusibilized before pyroly 
sis. If shaped polymers such as filaments are pyrolyzed 
without prior infusibilizing, they cannot maintain their 
shape during pyrolysis. They melt down during pyroly 
sis and fuse weld together in the case of filaments. 
Therefore, an infusibilizing step is essential prior to 
pyrolysis. The present invention accomplishes infusibil 
ization in two steps. More specifically, shaped articles 
which are obtained by melting and shaping an organic 
silazane polymer are infusibilized by a first step of treat 
ing with a gas containing the vapor of at least one in 
fusibilizing agent of formulae (1) through (4) and a 
second step of treating with a water vapor-containing 
gas or ammonia-containing gas. The term article is used 
to encompass articles of any shapes including ordinary 
threedinensional articles, fibers, filaments, and sheets. 
The first infusibilizing step will be described. The 

infusibilizing compounds of formulae (1) through (4) are 
shown below. 
A first group of infusibilizing agents is silicon com 

pounds of formula (1): 

RaSiX4a (1) 

wherein R is a hydrogen atom, a lower alkyl radical 
(preferably having 1 to 3 carbon atoms), an alkenyl 
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radical (preferably having 2 to 3 carbon atoms), or an 
aryl radical (preferably having 6 to 9 carbon atoms), 
X is a chlorine, bromine or iodine atom, and 
letter a has a value of from 0 (inclusive) to 2 (inclu 

sive), when a is equal to 2, R radicals may be the 
same or different. 

A second group of infusibilizing agents is boron com 
pounds of formula (2): 

BX3 (2) 

wherein X is as defined above. 
A third group of infusibilizing agents is phosphorus 

compounds of formula (3): 
PX (3) 

wherein X is as defined above, and letter b is equal to 3 
or 5. 
A fourth group of infusibilizing agents is metal com 

pounds of formula (4): 
MX (4) 

wherein M is a metal selected from the group consisting 
of Al, Ti,V, Fe, Ga, Ge, Zr, Nb, Sn, Sb, Te, Ta, W, and 
Bi, 

letter c is a number equal to the valence of the metal, 
and 

X is as defined above. 
Some preferred examples of the infusibilizing agents 

having formulae (1) through (4) include CH3SiCl3, 
(CH3)2SiCl2, (C2H5)SiCl3, (C2H5)2SiCl2, C6H5SiCl3, 
(C6H5)2SiCl2, CH2=CHSiCl3, (CH2=CH)2SiCl2, 
HSiCl3, H2SiCl2. SiCl4, H(CH3)SiCl2. 
H(CH2=CH)SiCl2, (CH2=CH)C6H5SiCl2, BCl3, BBr3, 
BI3, PC13, PCls, PBr3, PI3, AlCl3, TiCl4, FeCl3, VCl4, 
GaCl3, GeO4, ZrCl4, NbCls, SnCl4, SbCl3, TaCls, TeCl4, 
WCls, and BiCl3. They may be used alone or in admix 
ture of two or more. Most preferred are H(CH3)SiCl2, 
HSiCl3, BC3, PCl3, AlCl3, and TiCl4. 
The articles may be treated with a gas containing the 

infusibilizing agent in any desired manner. For example, 
an inert gas such as nitrogen (N2), argon (Ar), and 
helium (He) may be used as a carrier gas. The carrier 
gas is passed into the infusibilizing agent and then to a 
region where the articles are placed whereupon the 
articles are contacted with the carrier gas having the 
vapor of the agent carried thereon. The concentration 
of the infusibilizing agent in the gas may be controlled 
to a desired level by adjusting the temperature of the 
infusibilizing agent source so as to give an appropriate 
vapor pressure. If the concentration of the agent in the 
gas is too high, the gas may be diluted with an inert gas. 
In general, the concentration of infusibilizing agent 
vapor is preferably controlled to 0.0001 to 0.1 mol, 
more preferably 0.01 to 0.05 mol of the agent per liter of 
the carrier gas. The treating temperature and time vary 
with a particular type of organic silazane polymer used. 
Usually, the treating temperature is a sufficiently low 
temperature to maintain the polyner infusible, that is, a 
temperature sufficiently lower than the melting point of 
the polymer, preferably a temperature lower by 20 to 
100 C., most preferably by 25 to 80 C., than the melt 
ing point of the polymer. The treating time is a suffi 
cient time to render the articles substantially infusible, 
preferably about 5 to about 240 minutes, more prefera 
bly about 10 to about 120 minutes. 
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8 
At the end of the first infusibilizing step, the polymer 

articles become insoluble in commonly used solvents, 
for example, benzene, hexane, toluene, and tetrahydro 
furan. However, the polymer articles resulting from 
only the first infusibilizing step is not fully infusible and 
will melt during subsequent pyrolysis as will be later 
demonstrated in Comparative Example. The second 
step of treating with a water vapor-containing gas or 
ammonia-containing gas is essential to enhance the in 
fusibility of polymer articles. 
The manner of treatment in the second step is not 

particularly limited. In the case of treatment with a 
water vapor-containing gas, for example, the articles 
resulting from the first infusibilizing step may be simply 
exposed in air for a predetermined time to render the 
articles completely infusible. The air exposure is simple, 
but somewhat difficult to consistently yield ceramic 
articles having high strength and modulus because the 
humidity in air is not always constant. Due to varying 
humidity, subsequent pyrolysis will result in articles 
having a varying oxygen content or fused fibers. There 
fore, the second step is preferably carried out by passing 
air or an inert gas such as nitrogen and argon into water 
at a controlled temperature, more preferably bubbling 
air or inert gas through water at a predetermined rate, 
thereby forming air or inert gas containing Saturated 
water vapor at the temperature. The resulting gas with 
saturated water vapor is passed over the articles for a 
sufficient time to complete infusibilization. The treating 
temperature and time vary with a particular type of 
organic silazane polymer used as in the first step. Usu 
ally, the treating temperature is a temperature suffi 
ciently lower than the melting point of the polymer, 
preferably a temperature lower by 20 to 100° C., most 
preferably by 25 to 80°C., than the melting point of the 
polymer. The treating time is a sufficient time to com 
plete infusibilization, preferably about 5 to about 240 
minutes, more preferably about 10 to about 120 minutes. 
The temperature of water into which air or inert gas is 
bubbled at the predetermined rate may preferably vary 
over the range of 0 to 100° C., more preferably 0 to 70 
C., most preferably 0 to 30° C. 

In the case of ammonia gas treatment, infusibilizing 
may be completed by exposing the articles resulting 
from the first infusibilizing step to ammonia gas or am 
monia gas diluted with an inert gas. In the second step, 
the ammonia gas concentration preferably ranges from 
0.01 to 100% by volume, more preferably from 0.2 to 
50% by volume, most preferably from 0.5 to 10% by 
volume. If the ammonia concentration is too high, the 
ammonia gas is diluted with a rare gas such as argon and 
helium or an inert gas such as nitrogen gas. The ammo 
nia gas with or without a diluent gas may be passed over 
the articles for a sufficient time to complete infusibiliza 
tion. The treating temperature and time are approxi 
mately the same as described for the water vapor treat 
net. 
The polymeric articles thus made infusible are then 

sintered for pyrolysis in a conventional manner, yield 
ing ceramic articles. For example, any one of the or 
ganic silaZane polymers the inventors proposed may be 
shaped into fibers and infusibilized by the above-men 
tioned two steps. The resulting infusible fibers are sin 
tered at high temperatures under tension or in free state, 
resulting in ceramic fibers composed mainly of SiC and 
Si3N4 and having high strength and modulus. Sintering 
is preferably carried out in vacuum or in an inert gas 
such as argon or in an atmosphere of nitrogen (N2), 
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hydrogen (H2) or ammonia (NH3) gas at a temperature 
of about 700 to about 2000 C., more preferably about 
700 to about 1500 C. Also preferably, the infusible 
fibers are sintered under tension. Under such preferred 
conditions, there are produced ceramic fibers of quality 
as typified by a tensile strength of 200 to 300 kg/mm2 
and a modulus of elasticity of 15 to 25 t/mm2. 

EXAMPLE 

Examples of the present invention are given below 
together with comparative examples by way of illustra 
tion and not by way of limitation. 

EXAMPLE 1. 

A dry 2-liter four-necked flask equipped with a stir 
rer, a thermometer, an ammonia admission tube, and a 
water-cooled condenser was charged with 1500 ml of 
hexane. To the flask were added 83.38 grams of methyl 
dichlorosilane, 22.59 grams of methyltrichlorosilane, 
and 16.0 grams of dimethyldichlorosilane. Excess gase 
ous ammonia was introduced into the solution at room 
temperature at a flow rate of 90 liter/hour for 1 hours. 
The total amount of ammonia added was 5.0 mol. The 
reaction mixture was allowed to stand at room tempera 
ture while the condenser was replaced by an air-cooled 
condenser for allowing the unreacted ammonia to es 
cape from the flask. The ammonium chloride by-pro 
duct was removed from the reaction mixture by filtra 
tion in a dry box. The cake was then washed three times 
with 1.5 liters of hexane. The filtrate was stripped of the 
hexane under a vacuum of 1 mmHg at 60° C. The resi 
due or ammonolysis product was a clear free-flowing 
liquid in a yield of 52.0 grams. 

Next, a 500-ml three-necked flask equipped with a 
stirrer, a thermometer, and a dropping funnel was 
placed in a dry box and charged with 0.4 grams of 
potassium hydride and 250 ml of tetrahydrofuran 
(THF) which had been dehydrated with NaH. The 
flask was taken out of the dry box and connected to a 
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10 
mixture was filtered and the filtrate was stripped of the 
hexane under a vacuum of 1 mmHg at 180 C., yielding 
36.5 grams of a silazane polymer in the form of a viscous 
solid. The polymer had a melting point of 143 C. and a 
molecular weight of 1200 as measured by a benzene 
molar depression of freezing point method. It was solu 
ble in hexane, benzene, THF and other organic sol 
vents. An IR analysis of the polymer showed absorption 
peaks at 3400 cm-1 for NH, 2980 cm-1 for C-H, 2150 
cm-1 for Si-H, and 1260 cm-1 for Si-CH3. 
The silazane polymer designated Polymer A was 

heated at 160 C. and melt spun through a spinneret 
having an orifice of 0.2 mm in diameter. The resulting 
green or preceramic filaments had a diameter of 12 to 13 
um. 
The filaments in a weight of 0.05 to 0.2 grams were 

rested in an alumina boat, which was placed in a mullite 
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nitrogen gas tube. While the mixture was stirred at 40 
room temperature to disperse potassium hydride, 40 

Trichiorosilane treatment 

tube furnace of 50 mm in diameter. After the furnace 
was purged with an inert gas of N2 or Ar, the furnace 
was ready for the first infusibilizing step. Nitrogen gas 
was passed through a bubbling apparatus charged with 
trichlorosilane, obtaining a nitrogen gas containing tri 
chlorosilane gas in a predetermined concentration. The 
concentration of trichlorosilane gas was controlled in 
terms of temperature. The trichlorosilane-carrying ni 
trogen gas was passed through the furnace. 
The second infusibilizing step was carried out by 

purging the furnace with an inert gas of N2 or Ar again. 
The filaments were treated with wet air for varying 
time, making the filaments infusible. The wet air used 
herein was prepared by bubbling air into water at room 
temperature to form wet air having a relative humidity 
of 100% at room temperature. After the filaments were 
treated with wet air for a predetermined time, the fur 
nace was purged with nitrogen gas again and heated to 
a temperature of 1200° C. at a rate of 150° C./hour in a 
nitrogen stream. The filaments were pyrolyzed at the 
temperature for 30 minutes and then cooled down. 

Table 1 shows the conditions for the trichlorosilane 
treatment, wet air treatment, and sintering as well as the 
appearance of sintered filaments. 

TABLE 1. 
Wet air treatment 

(first step) (second step) 
Gas Treat Sample Water Air Treat Sample Appearance 

Sample Conc. time temp, temp, bubbling time temp. of filaments 
No. (mol/l) (min.) (°C.) (°C.) (1/hr.) (min.) (C.) after sintering 

1 0.02 15 ...t. 25 13 5 ...t. some fusion bonds 
2 0.02 15 ?.t. 25 3 30 ...t. no fusion bond, good 
3 0.02 15 r.t. 25 3 60 ...t. no fusion bond, good 
4 0.02 15 50 25 13 15 ...t. no fusion bond, good 
5 0.02 15 150 25 3 30 50 no fusion bond, good 
6 0.01 15 I.t. 25 3 30 50 no fusion bond, good 
7 0.005 15 50 25 13 40 50 no fusion bond, good 

r.t.: room temperature 

grams of the ammonolysis product in 100 ml of THF 
was slowly added to the mixture over one hour through 
the dropping funnel. Large amounts of gases evolved 
during the addition. After 2 hours, the reaction temper 
ature was raised to the reflux temperature of THF and 
maintained at the temperature for a further 1 hours. 
The gases ceased to evolve after 31 hours from the start 
of reaction. The flask was cooled down to room tem 
perature before 4 grams of methyl iodide was added, 
yielding a white precipitate of KI. The reaction mixture 
was stirred for a further 30 minutes and then distilled of 
the majority of THF solvent under vacuum to leave a 
white slurry, to which 100 ml of hexane was added. The 

65 

As is evident from the data of Table 1, the sintered 
filaments of sample No. 1 lightly fusion bonded together 
in some areas. Sample Nos. 2 to 7 gave very good sin 
tered filaments free of a fusion bond since they had been 
made fully infusible prior to sintering. 
The sintered filaments of sample No. 5 were mea 

sured for physical properties to find a tensile strength of 
250 kg/mm2 and a tensile modulus of 25 t/mm2 at a 
filament diameter of 9.3 um. They were found to be 
ceramic filaments composed mainly of SiC and Si3N4 
and having a composition: Si 56.7%, C. 16.8%, N 
17.6%, and 0.8.9%. 
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EXAMPLE 2 

Filaments having a diameter of 12 to 13 um obtained 
by melt spinning Polymer A in Example 1 were in 
fusibilized and sintered by the same procedures as in 5 

12 
conditions were changed, and finally sintered as in Ex 
ample 1. 
Table 3 shows the conditions for the first and second 

infusibilizing steps as well as the appearance of sintered 
filaments. 

TABLE 3 

Second step 
First step (Wet air treatment) 

Type Gas Treat Sample Water Air Treat Sample Appearance 
Sample of COC. time temp. tenp. bubbling time temp. of filaments 
No. agent (mol/l) (min.) (C.) (°C) (1/hr.) (min.) (C.) after sintering 
15 (CH2=CH)CH3SiCl2 0.05 10 I.t. 15 20 10 ?.t. slight fusion bonds 
16 (CH2=CH)CH3SiCl2 0.05 20 ...t. 15 20 20 ...t good, no fusion bond 
17 (CH2=CH)SiCl3 0.02 5 30 15 O 30 ...t. good 
18 ZrCl4 0.02 5 50 15 O 30 ...t. good 
19 PBr3 0.02 20 50 15 O 30 ...t. good 
20 PC15 0.02 10 50 15 0 30 I.t. good 

r.t.: room temperature 

Example 1 except that the infusibilizing agent used in 
the first infusibilizing step was changed. 

Table 2 shows the conditions for the first and second 
infusibilizing steps as well as the appearance of sintered 

As is evident from the data of Table 3, all the samples 
showed very good results, except sample No. 15 in 
which the sintered filaments were lightly fusion bonded 
together. 

filaments. 25 

TABLE 2 
Second step 

First step (Wet air treatment) 
Type Gas Treat Sample Water Air Treat Sample Appearance 

Sample of COIC. time temp. temp. bubbling time temp. of filaments 
No. agent (mol/1) (min.) (C.) (°C) (1/hr.) (min.) (C.) after sintering 
8 H(CH3)SiCl2 0.02 5 ...t. 25 10 40 f.t. good 
9 SiCl4 0.02 5 ...t. 25 10 40 t.t. good 
10 BCl3 0.02 15 ...t. 25 10 40 ...t, good 
11 PCl3 0.02 15 ...t. 25 10 40 T.t, good 
12 TiCl4 0.02 15 rt. 25 10 40 ...t. good 
13 AlCl3 0.02 5 ...t. 25 O 40 ...t slight fusion bonds 
14 ACl3 0.02 30 ...t. 25 O 60 I. good 

r.t.: room temperature 

EXAMPLE 4 
As is evident from the data of Table 2, better results 

were obtained when boron, phosphorus, titanium, and 
aluminum compounds were used as the infusibilizing 
agent in the first step instead of the silicon compound. 
In particular, the sintered filaments of sample No. 11 
showed outstanding physical properties, a tensile 
strength of 280 kg/mm2 and a tensile modulus of 24 
t/mm2 at a filament diameter of 9.5 um. 

EXAMPLE 3 

The starting mixture was a mixture of methyldi 
chlorosilane, 1,2-bis(methyldichlorosilyl)ethane, and 
methyltrichlorosilane in a proportion of 70:10:20 in 
mol%. A silazane polymer designated Polymer B was 
obtained by following the procedure of Example 1, that 
is, by reacting the chlorosilane mixture with ammonia 
and subjecting the ammonolysis product to deprotona 
tion condensation in the presence of KH. The polymer 
had a melting point of 96° C. and a molecular weight of 60 
1050 as measured by a benzene molar depression of 
freezing point method. 

Using spinning equipment as in Example 1, the sila 
Zane polymer designated Polymer B was melt spun at 
120° C. into preceramic filaments having a diameter of 65 
13 to 14 um. The filaments were placed in a mullite tube 
furnace, infusibilized by the same procedures as in Ex 
ample 1 except that the infusibilizing agent and treating 

45 

50 

55 

A silazane polymer was prepared from a halosilane 
mixture by the process of Japanese Patent Application 
No. 313264/1987. The starting mixture was a mixture of 
dimethyldichlorosilane and methylvinyldichlorosilane 
in a proportion of 50:50 in mol%. The chlorosilane 
mixture was reacted with ammonia in hexane solvent. 
The resulting ammonolysis product, 30 grams, was 
polymerized at 280 C. in the presence of 0.3 grams of 
KOH, yielding 23 grams of a silazane polymer desig 
nated Polymer C. The polymer had a melting point of 
113 C. and a molecular weight of 1511 as measured by 
a benzene molar depression of freezing point method. 
An IR analysis showed absorption peaks at 3400 cm 
for NH, 2980 cm-1 for CH, 1420 cm-1 for CH2=CH, 
and 1260 cm 1 for Si-CH3. 

Polymer C was melt spun at 130° C. by the same 
procedure as in Example 1, forming pre-ceramic fila 
ments having a diameter of 10 to 12 um. The filaments 
were placed in a mullite tube furnace, infusibilized by 
the same procedures as in Example 1 except that the 
infusibilizing agent and treating conditions were 
changed, and finally pyrolyzed at 1200 C. as in Exam 
ple 1. 

Table 4 shows the conditions for the first and second 
infusibilizing steps as well as the appearance of sintered 
filaments. 
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TABLE 4 

Second step 
First step (Wet air treatment) 

Type Gas Treat Sample Water Air Treat Sample Appearance 
Sample of COC. time temp. temp. bubbling time temp. of filaments 
No. agent (mol/l) (min.) (C.) (C.) (1/hr.). (min.) (C.) after sintering 
2 CH3SiCl3 0.02 15 ...t. 5 20 40 r.t. good, no fusion bond 
22 (CH3)2SiCl2 0.02 30 40 15 20 60 r.t. good, no fusion bond 
23 (CH2=CH)SiCl3 0.02 15 ...t. 15 20 40 r.t. good, no fusion bond 
24 FeCl3 0.1 30 50 15 20 60 50 good, no fusion bond 
25 SnCl4 0.05 30 50 5 20 60 50 good, no fusion bond 

r.t.: room temperature 

As is evident from the data of Table 4, all the samples 
gave filaments of excellent quality in which no fusion 
bond occurred after sintering. 

EXAMPLE 5 

An organic silazane polymer was prepared according 
to the process of U.S. Patent No. 4,771,118. A dry 2 
liter four-necked flask equipped with a stirrer, a ther 
mometer, an ammonia admission tube, and a water 
cooled condenser was charged with 1500 ml of hexane. 
To the flask were added 80.5 grams of methyldi 
chlorosilane, 14.9 grams of methyltrichlorosilane, and 
25.8 grams of dimethyldichlorosilane. Excess gaseous 
ammonia was introduced into the solution at room tem 
perature at a flow rate of 90 liter/hour for 1 hours. The 
total amount of annonia added was 5.0 mol. The reac 
tion mixture was allowed to stand at room temperature 
while the condenser was replaced by an air-cooled 
condenser for allowing the unreacted ammonia to es 
cape from the flask. The ammonium chloride by-pro 
duct was removed from the reaction mixture by filtra 
tion in a dry box. The cake was then washed three times 
with 1.5 liters of hexane. The filtrate was stripped of the 
hexane under a vacuum of 1 mmHg at 60° C. The resi 
due or ammonolysis product was a clear free-flowing 
liquid in a yield of 52.5 grams. 

Next, a 500-ml three-necked flask equipped with a 
stirrer, a thermometer, and a dropping funnel was 
placed in a dry box and charged with 0.4 grams of 
potassium hydride and 250 ml of tetrahydrofuran 
(THF) which had been dehydrated with NaH. The 
flask was taken out of the dry box and connected to a 
nitrogen gas tube. While the mixture was stirred at 
room temperature to disperse potassium hydride, 52.5 
grams of the ammonolysis product in 100 ml of THF 
was slowly added to the mixture over one hour through 
the dropping funnel. Large amounts of gases evolved 
during the addition. After 2 hours, the reaction temper 
ature was raised to the reflux temperature of THF and 
maintained at the temperature for a further 1 hours. 
The gases ceased to evolve after 3 hours from the start 
of reaction. The flask was cooled down to room tem 
perature before 4 grams of methyl iodide was added, 
yielding a white precipitate of KI. The reaction mixture 
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was stirred for a further 30 minutes and then distilled of 
the majority of THF solvent under vacuum to leave a 
white slurry, to which 100 ml of hexane was added. The 
mixture was filtered and the filtrate was stripped of the 
hexane under a vacuum of 1 mmHg at 180 C., yielding 
49 grams of a silazane polymer in the form of a viscous 
solid. The polymer had a melting point of 128 C. and a 
molecular weight of 1365 as measured by a benzene 
molar depression of freezing point method. It was solu 
ble in hexane, benzene, THF and other organic sol 
vents. An IR analysis of the polymer showed absorption 
peaks at 3400 cm-1 for NH, 2980 cm-1 for C-H, 2150 
cm 1 for Si-H, and 1260 cm-1 for Si-CH3. 
The silazane polymer designated Polymer D was 

heated at 150° C. and melt spun through a spinneret 
having an orifice of 0.2 mm in diameter. The resulting 
green or preceramic filaments had a diameter of 13 to 14 
un. 
The filaments in a weight of 0.1 to 0.2 grams were 

rested in an alumina boat, which was placed in a mullite 
tube furnace of 50 mm in diameter. After the furnace 
was purged with an inert gas of N2 or Ar, the furnace 
was ready for the first infusibilizing step. Nitrogen gas 
was passed through a bubbling apparatus charged with 
trichlorosilane, obtaining a nitrogen gas containing tri 
chlorosilane gas in a predetermined concentration. The 
concentration of trichlorosilane gas was controlled in 
terms of temperature. The trichlorosilane-carrying ni 
trogen gas was passed through the furnace. 
The second infusibilizing step was carried out by 

purging the furnace with an inert gas of N2 or Ar again. 
The filaments were treated with ammonia gas or ammo 
nia gas diluted with nitrogen gas in the concentration 
shown in Table 5, making the filaments infusible. After 
the filaments were treated with ammonia gas for a pre 
determined time, the furnace was purged with nitrogen 
gas again and heated to a temperature of 1200° C. at a 
rate of 150 C./hour in a nitrogen stream. The filaments 
were pyrolyzed at the temperature for 30 minutes and 
then cooled down. 
Table 5 shows the conditions for the trichlorosilane 

treatment, ammonia gas treatment, and sintering as well 
as the appearance of sintered filaments. 

TABLE 5 
Trichlorosilane treatment Ammonia gas treatment 

(first step) (second step) 
Gas Treat Sample Gas Treat Sample Appearance 

Sample conc. time temp. COC. time temp. of filaments 
No. (mol/l). (min.) (°C) (vol%) (min.) (C.) after sintering 
26 0.00 5 I, t. 7 5 ...t. slight fusion bonds 
27 0.00 15 r.t. 7 30 ...t. no fusion bond, good 
28 0.001 30 50 7 30 50 good 
29 0.00 30 80 7 30 80 good 
30 0.1 5 50 7 30 80 good 
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Trichlorosilane treatment Ammonia gas treatment 
(first step) (second step) 

Gas Treat Sample Gas Treat Sample Appearance 
Sample conc. time temp. COc. tine temp. of filaments 
No. (mol/l). (min.) (C.) (vol%) (min.) (C.) after sintering 
31 0. 5 50 100 5 80 good 

r.t.: room temperature 

As is evident from the data of Table 5, the sintered 
filaments of sample No. 26 fusion bonded together in 
some areas where they had been in close contact. Sam 
ple Nos. 27 to 31 gave very good sintered filaments free 
of a fusion bond since they had been made fully infusible 
prior to sintering. 
The sintered filaments of sample No. 28 were mea 

sured for physical properties to find a tensile strength of 
240 kg/mm2 and a tensile modulus of 24 t/mm2 at a 
filament diameter of 10.4 um. They were found to be 20 
ceramic filaments composed mainly of SiC and Si3N4 
and having a composition: Si 61.47%, C 18.56%, and N 
19.97%. 

15 

EXAMPLE 6 

Filaments having a diameter of 12 to 13 um obtained 
by melt spinning Polymer D in Example 5 were in 
fusibilized and sintered by the same procedures as in 
Example 5 except that the infusibilizing agent used in 
the first infusibilizing step was changed. 
Table 6 shows the conditions for the first and second 

infusibilizing steps as well as the appearance of sintered 
filaments. 

30 

showed outstanding physical properties, a tensile 
strength of 250 kg/mm2 and a tensile modulus of 23 
t/mm2 at a filament diameter of 9.2 um. 

EXAMPLE 7 

The starting mixture was a mixture of methyldi 
chlorosilane, 1,2-bis(methyldichlorosilyl)ethane, and 
methyltrichlorosilane in a proportion of 75:10:15 in 
mol%. A silazane polymer designated Polymer E was 
obtained by following the procedure of Example 5, that 
is, by reacting the chlorosilane mixture with ammonia 
and subjecting the ammonolysis product to deprotona 
tion condensation in the presence of KH. The polymer 
had a melting point of 90° C. and a molecular weight of 
820 as measured by a benzene molar depression of freez 
ing point method. 
Using spinning equipment as in Example 5, the sila 

zane polymer designated Polymer E was melt spun at 
110° C. into preceramic filaments having a diameter of 
13 to 14 um. The filaments were placed in a mullite tube 
furnace, infusibilized by the same procedures as in Ex 
ample 5 except that the infusibilizing agent and treating 
conditions were changed, and finally sintered as in Ex 

TABLE 6 
Second step 

- First step - . (Amnonia gas treatment) - 
Type Gas Treat Sample Gas Treat Sample Appearance 

Sample of Conc. time temp. COC. time temp. of filaments 
No. agent (mol/l) (min.) (C.) (vol%) (min.) ("C.) after sintering 
32 H(CH3)SiCl2 O.02 15 50 10 30 50 good 
33 SiCl4 0.02 15 100 O 30 100 good 
34 BCl3 0.02 30 50 O 30 50 good 
35 PCl3 0.02 30 100 10 30 100 good 
36 TiCl 0.05 30 100 10 30 100 slight fusion bonds 
37 AlCl3 0.05 30 100 O 30 100 slight fusion bonds 

38 0. 15 100 O 30 100 good 

SiCl3 

...t: CIT temperature 

As is evident from the data of Table 6, better results ample 5. 
were obtained when boron, phosphorus, titanium, and 
aluminum compounds were used as the infusibilizing 55 
agent in the first step instead of the silicon compound. 
In particular, the sintered filaments of sample No. 34 

Table 7 shows the conditions for the first and second 
infusibilizing steps as well as the appearance of sintered 
filaments. 

TABLE 7 

Second step 
First step (Ammonia gas treatment) 

Type Gas Treat Sample Gas Treat Sample Appearance 
Sample of Conc. time temp. COC. time temp. of filaments 
No. agent (mol/1) (min.) (C.) (vol%) (min.) (C) after sintering 
39 (CH2=CH)CHSiCl2 0.05 15 r.t. O 30 ...t. slight fusion bonds 
40 (CH2=CH)CH3SiCl 0.05 60 r.t. 20 60 50 good, no fusion bond 
41 (CH2=CH)SiCl3 0.02 15 50 10 30 50 good 
42 ZrCl4 0.02 15 50 10 60 50 good 
43 PBr3 0.02 30 50 O 60 50 good 
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TABLE 7-continued 
Second step 

First step (Amnonia gas treatment) 
Type Gas Treat Sample Gas Treat Sample Appearance 

Sample of Conc. time temp. COC. time temp. of filaments 
No. agent (mol/l) (min.) (C.) (voi%) (min.) ("C.) after sintering 
44 PCls 0.02 30 50 10 60 50 good 

r.t.: room temperature 

As is evident from the data of Table 7, all the samples 
showed very good results except sample No. 39 in 
which the sintered filaments were lightly fusion bonded 
together. 

1200° C. for 30 minutes. It was evaluated how the fila 
ments were made infusible prior to sintering. 
Table 9 shows the results of the samples in which the 

first step was omitted and only the second step, that is, 
wet air treatment was carried out for infusibilization. 

EXAMPLE 8 15 The wet air used was adjusted to a relative humidity of 
A silazane polyner was prepared from a halosilane 100% at room temperature. 

mixture according to the process of Japanese Patent Table 10 shows the results of the samples in which the 
Application No. 313264/1987. The starting mixture was first step was omitted and only the second step, that is, 
a mixture of dimethyldichlorosilane and methylvinyldi- ammonia gas treatment was carried out for infusibiliza 
chlorosilane in a proportion of 50:50 in mol%. The 20 tion. Ammonia gas was passed without dilution at a rate 
chlorosilane mixture was reacted with ammonia in hex- of 5 liter/min. 
ane solvent. The resulting ammonolysis product, 30 Table 11 shows the results of the samples in which 
grams, was polymerized at 280 C. in the presence of 0.3 only the first step was carried out for infusibilization 
grams of KOH, yielding 24 grams of a silazane polymer and the second step was omitted. 
designated Polymer F. The polymer had a melting point 25 TABLE 9 
of 116 C. and a molecular weight of 1520 as measured 
by a benzene molar depression of freezing point Wet Air Treatment 
method. An IR analysis showed absorption peaks at Type Infusibilization Appearance 
3490 cm, for NH,2980 cm for CH, 1420 cm- for S' E SPE, E, E, CH2=CH, and 1260 cm-1 for Si-CH3. 30 - Y, y p. 3. 

Polymer F was melt spun at 135 C. by the same 5 A. ...t. : completely melted, - leaving no fibrous shape 
procedure as in Example 5, forming pre-ceramic fila- 52 A. .. 2 completely melted, 
ments having a diameter of 12 to 13 um. The filaments leaving no fibrous shape 
were placed in a mullite tube furnace, infusibilized by 53 A 60 17 almost melted, leaving 
the same procedures as in Example 5 except that the 35 A 60 30 slight fibrous shape o - - - - - almost melted, leaving 

infusibilizing agent and treating conditions were slight fibrous shape 
changed, and finally pyrolyzed at 1200 C. as in Exam- 55 B ...t. : completely melted 
ple 5. 56 B rt. 10 completely melted 
Table 8 shows the conditions for the first and second 57 B 60 30 almost melted - 58 C 60 30 almost melted 

infusibilizing steps as well as the appearance of sintered 40 
filaments. 

TABLE 8 
Second step 

- First step- - (Amnonia gastreatment) - 
Type Gas Treat Sample Gas Treat Sample Appearance 

Sample of Conc. time temp. COC. time temp. of filaments 
No. agent (mol/1) (min.) ("C.) (vol%) (min.) (C.) after sintering 
45 CH3SiCl3 0.02 30 50 10 60 50 good, no fusion bond 
46 (CH2=CH)SiCl3 0.02 30 50 10 60 50 good 
47 SiCl 0.02 30 50 O 60 50 good 
48 HSiCl3 0.02 15 ...t. O 30 50 good 
49 SnCl 0. 60 50 10 60 50 good 
50 FeCls 0. 60 50 0 60 50 good 

r.t.: room temperature 

As is evident from the data of Table 8, all the samples 55 
gave filaments of excellent quality in which no fusion 
bond occurred after sintering. TABLE 10 

COMPARATIVE EXAMPLE Ammonia Treatment - 
- - - T Infusibilizati A. Using spinning equipment as in Example 1, the sila- 60 ype nfusibilization ppearance Sample of Sample Treating of filaments 

Zane polymers A to F prepared in the preceding Exam- No. polymer temp. () time (hr.) after sintering 
ples were melt spun into filaments having a diameter of 
2 to 14 lum. By approximately following the proce- 59 D ...t. completely melted, un. By app y g the proce leaving no fibrous shape 
dures of Example 1, the filaments of each lot in a weight 60 D ...t. 2 completely melted, 
of 0.05 to 0.2 grams were rested in an alumina boat, 65 leaving no fibrous shape 
placed in a mullite tube furnace, treated with various 61 D 60 7 an alled sis 
infusibilizing agents or wet air under various conditions, 62 D 60 30 almost melted, leaving 
and then heated at a rate of 200 C./hour and sintered at slight fibrous shape 



5,008,348 
19 20 

TABLE 10-continued (3) phosphorus compounds having the formula 
Ammonia Treatment PX 

Type Infusibilization Appearance 
Sample of Sample Treating of filaments 5 wherein 
No. polymer temp. () time (hr.) after sintering X is as defined above, and 
63 E ...t, CME, neited b is equal to 3 or 5; and 
64 E ...t. 0. completely melted 65 E 60 30 almost melted (4) metal compounds having the formula 
66 F 60 30 almost melted 

MX O 

TABLE 11 
First Step Only 

Type Type Gas Treat Sample Appearance 
Sample of of COC. time temp. of filaments 
No. polymer agent (mol/l) (min) () after sintering 
67 A & D HSiCl3 0.02 30 T.t. completely fusion bonded 
68 A & D HSiCl3 0.02 60 50 completely fusion bonded 
69 A & D HSiCl3 0.04 120 50 markedly fusion bonded, 

leaving some fibrous shape 
70 B & E SiCl 0.02 60 ...t. completely fusion bonded 
7 B & E CH2=CHSiCl3 0.02 60 ...t. completely fusion bonded 
72 B & E BC)3 0.02 60 .. completely fusion bonded 
73 B & E TiCl4 0.02 60 ...t. completely fusion bonded 
74 C & F HSiCl3 0.02 60 r.t. completely fusion bonded 
75 C & F BCl3 0.02 60 ...t, completely fusion bonded 
76 C & F ZrCl 0.02 60 rt. completely fusion bonded 

rt.: room temperature 

As is evident from the results of Tables 9 to 11, a 
single infusibilizing step, either the first step (infusibiliz 
ing agent) or the second step (wet air or ammonia gas), 

30 

was insufficient to render the filaments infusible even wherein 
y treating conditions were varied over a wide M is a metal selected from the group consisting of Al, 
Staple No. 69 which retained a vague fibrous shape E. V, Fe, Ga, Ge, Zr, Nb, Sn, Sb, Te, Ta, W, and 

in some areas was measured for physical properties to c is a number equal to the valence of the metal and 
find a tensile strength of 50 kg/mm2 and a tensile modu- X is as defined above 
lus of 6 t/mm2 at a filament diameter of 9.7 um. and then exposing the shaped polymer to enhance the 
o: preferred edits have been it. 40 infusibility of polymer articles with an inert gas contain 

viously many modifications and variations of the ing water vapors or ammonia. 
present invention are possible in the light of the above 2. The method of claim 1 wherein the organic sila 
teachings. It is therefore to be understood that within Zane polymer is obtained by reacting a mixture of me 
the E. ofAf applied claims,i. E. may be thyldichlorosilane, methyltrichlorosilane, and dimeth 
pry otherwise than as specifically described. 45 yldichlorosilane with ammonia to form an ammonolysis 

1. Method for infusibilizi ic sil product, and condensing the ammonolysis product in e or usionizing an organic Sazan the presence of a basic catalyst capable of deprotona 
polymer, comprising the steps of melting, shaping and tion. 
then infusibilizing the organic silazane polymer, the 3. The method of claim 2 wherein the mixture con 
infusibilizing step including contacting the shaped poly- 50 tains methyldichlorosilane, methyltrichlorosilane, and 
me at a.s.ficiently low temperature to maintain the dimethyldichlorosilane in proportions of 5580:10-30. 
polymer infusible with an inert gas containing the vapor :5-25 in mol%. 
of at least one compound selected from the group con- 4. The method of claim 1 wherein the organic sila 
sity i. ds having the f l Zane polymer is obtained by reacting a mixture of at 

(1) silicon compounds having the formula 55 least one member selected form the group consisting of 
(1) organic silicon compounds having the formula 

RaSiX4 

wherein R (I) 
R is a radical selected from the group consisting of X-Si-CH-CH-Si-X 
hydrogen, lower alkyl, alkenyl, and aryl radicals; 60 

X is a chlorine, bromine or iodine atom, and R R 
a has a value of from 0 to 2, and when a is equal to 2, 
R may be the same or different; wherein 

(2) boron compounds having the formula R is a radical selected form the group consisting of 
65 hydrogen, chlorine, bromine, methyl, ethyl penyl, 

BX3 and vinyl radicals, 
R is hydrogen or a methyl radical, and 

wherein X is as defined above; X is chlorine or bromine; 
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(II) 

wherein 
R2 is a radical selected from the group consisting of 
hydrogen, methyl, ethyl, phenyl, and vinyl radi 
cals, and 

X is as defined above; 
and mixtures thereof; and 

(2) an organic silicon compound having the formula 

(III) 

wherein 
R2 and X are as defined above, 

with ammonia, and deprotonation condensing the re 
sulting ammonolysis product. 

5. The method of claim 4 wherein the mixture con- 2 
tains compounds of formula (I), (II) and (III) in the 
proportions of 1-25:1-25:50-80 in mol%. 

6. The method of claim 1 wherein the organic sila 
zane polymer is obtained by reacting a mixture of (i) at 
least one member of organic silicon compounds of gen 
eral formula (IV): 

(IV) 

wherein R is a radical selected from the group consist 
ing of methyl, ethYl, and phenyl radicals, and X is chlo 
rine or bromine, and (ii) at least one member of organic 
silicon compounds of general formula (V): 

(V) 

wherein Rand X are as defined above, and R is hydro 
gen or a vinyl radical, with ammonia to form a silazane 
compound, and polymerizing the silazane compound in 
the presence of an alkali catalyst. 

7. The method of claim 6 wherein the mixture con 
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8. The method of claim 1 wherein the organic sila 

Zane polymer is obtained by heat polymerizing hexame 
thylcyclotrisilazane having the unit: 

SH: 
(j-NH)- 
CH3 

in the presence of KOH. 
9. The method of claim 1 wherein the compound is 

selected from the group consisting of CH3SiCl3, 
(CH3)2SiCl2. (C2H5)SiCl3, (C2H5)2SiCl2, C6H5SiCl3, 
(C6H5)2SiCl2, CH2=CHSiCl3, (CH2=CH)2SiCl2. 
HSiCl3, H2SiCl2. SiCl4, H(CH3)SiCl2. 
H(CH2=CH)SiCl2. (CH2=CH)C6H5SiCl2, BCl3, BBr3, 
BI3, PCl3, PCls, PBr3, PI3, AlCl3, TiCl4, FeCl3, VCl4, 
GaCl3, Gecla, ZrC14, NbCls, SnCl4, SbCl3, TaCls, TeCia, 
WCls, and BiCl3. 

10. The method of claim 1 wherein the compound is 
selected from the group consisting of H(CH3)SiCl2. 
HSiCl3, BCl3, PCl3, AlCl3, and TiCl4. 

11. The method of claim 1 wherein in the step of 
treating the shaped polymer with a gas containing the 
vapor of at least one compound selected from com 

5 pounds of formulae (1) to (4), the shaped polymer is 
treated with an inert gas containing 0.0001 to 0.1 mol/- 
liter of at least one compound selected from compounds 
of formulae (1) to (4) in vapor form at a temperature 
lower by 20 to 100 C. than the melting point of the 
organic silazane polymer for about 5 to about 240 min 
teS. 

12. The method of claim 1 wherein the water vapor 
containing gas is air or an inert gas containing water 
vapor in a saturated condition. 

13. The method of claim 1 wherein the ammonia-con 
taining gas is gaseous ammonia alone or an inert gas 
containing at least 0.01% by volume of gaseous ammo 
13. 

14. The method of claim 1 wherein the step of treat 
ing the shaped polymer with water vapor-containing 
gas or ammoniacontaining gas is at a temperature lower 
by 20 to 100° C. than the melting point of the organic 
silazane polymer for about 5 to about 240 minutes. 

15. The infusibilized organic silazane polymer of 
claim 1. 

16. The infusibilized 
claim 2. 

17. The infusibilized 
claim 3. 

18. The 
claim 4. 

19. The 
claim 5. 

20. The 

organic silazane polymer of 

organic silazane polymer of 

infusibilized organic silazane polymer of 

infusibilized organic silazane polymer of 

infusibilized organic silazane polymer of 
tains compounds of formulae (IV) and (V) in propor- 55 claim 6. 
tions of from 5:95 to 95:5 in mol%. 
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